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ABSTRACT
Atranorin (ATR), lichenized secondary metabolite and depside molecule with several biological poten-
tials such as antimicrobial, anticancer, anti-inflammatory, antinociceptive, wound healing and photo-
protective activities. Cytotoxic reports of ATR are documented in several cancer cells and in vivo
models but its molecular interaction studies are poorly understood. Therefore, in this present investi-
gation, we have used the in silico studies with biological validation of the molecular targets for the
anti-breast cancer mechanism of ATR. The molecular docking studies with the breast cancer oncopro-
teins such as Bcl-2, Bax, Akt, Bcl-w and Bcl-xL revealed the highest interaction was observed with the
Akt followed by Bax, Bcl-xL and Bcl-2 & least with the Bcl-w proteins. The cytotoxicity studies showed
ATR selectively inhibited MDA MB-231 and MCF-7 breast cancer cells in differential and dose-
dependent manner with the IC50 concentration of 5.36 ± 0.85lM and 7.55± 1.2lM respectively.
Further mechanistic investigations revealed that ATR significantly inhibited ROS production and signifi-
cantly down-regulated the anti apoptotic Akt than Bcl-2, Bcl-xL and Bcl-w proteins with a significant
increase in the Bax level and caspases-3 activity in the breast cancer cells when comparison with Akt
inhibitor, ipatasertib. In vitro biological activities well correlated with the molecular interaction data
suggesting that atranorin had higher interaction with Akt than Bax and Bcl-2 but weak interaction
with Bcl-w and Bcl-xL. In this present study, the first time we report the interactions of atranorin with
molecular targets for anti-breast cancer potential. Hence, ATR represents the nature-inspired molecule
for pharmacophore moiety for design in targeted therapy.
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1. Introduction

Breast cancer is the most common cancer among women and
the most lethal malignancies. Breast cancer is reported to be
the most prevalent and fourth diagnosed cancer in 2008
(Ferlay et al., 2010, Jemal et al., 2010). In breast and prostate
cancer, Akt is constantly active or over-expressed due to its
own mutations or aberrant activity of upstream proteins of
the pathway (Shukla et al., 2020, Paul, Panda, & Thatoi, 2019).
Several reports suggested that the inhibition of Akt could
reverse its anti-apoptotic processes as well as cellular growth,
proliferation and survival of the cancer cells. Reports also sug-
gest that hyperactivation of Akt often increases resistance to
chemotherapy or radiotherapy (Hanada, Feng, & Hemmings,
2004). Akt inhibitors have been shown to attenuate this che-
motherapeutic resistance when they were administrated along
with cancer chemotherapy (Bugni et al., 2009, Kizhakkayil

et al., 2010, Shafee, Kaluz, Ru, & Stanbridge, 2009). Research
findings have reported that activated Akt protects cancer cells
from apoptosis by suppressing NF-jB activity, Bax transloca-
tion to mitochondria and caspase-9 cleavage. Caspase-9 has
been reported to be directly phosphorylated by activated Akt,
and its pro-apoptotic activity being suppressed as a result of
this phosphorylation (Wong, Engelman, & Cantley, 2010). An
array of reports suggests that the resistance in breast cancer
cells to antigrowth stimuli during treatments is attributed to
the overexpression of antiapoptotic Bcl-2 family proteins such
as Bcl-2, Bcl-xL, and Bcl w (Manero et al., 2006; Zhang et al.,
2007). The overexpression of Bcl-2 family proteins not only
contributes to the resistance but it is also a major factor for
the recurrence of cancer (Kang & Reynolds, 2009, Manero et
al., 2006; Zhai et al., 2008). Among the important drivers of
cancer, Akt and antiapoptotic Bcl-2 family proteins are vital
targets for cancer therapy (Kizhakkayil et al., 2010, Shafee
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et al., 2009, Yang & Wang, 2011). Hence, molecules such tar-
gets cancer cell survival, metastasis, inflammation, and induc-
tion of apoptosis are of great importance.

ATR is a major constituent reported in many lichens and
important members of the depside. Commonly, it is a lichen
secondary metabolite reported in several lichens such as
Stereocaulon cacspitorim, Everniastrum vexans, Parmatrema spe-
cies and others (Backorova, Backor, Mikes, Jendzelovsky, &
Fedorocko, 2011; Backorova et al., 2012; Neeraj, Behera,
Parizadeh, & Bo, 2010; Rajan et al., 2016; Zhou et al., 2017).
Biological properties of ATR include antimicrobial agents
(Hanada, Feng, & Hemmings, 2004; Pathak, 2017), antinocicep-
tive (Melo et al., 2016; Siqueira et al., 2010), anti-inflammatory
(Gargouri et al., 2018), antioxidant (Ristic et al., 2016; Rocha et
al., 2010), anticancer (Jeon, Kim, Kim, Youn, & Suh, 2019;
Mallavadhani, Somasekhar, Sagarika, & Ramakrishna, 2018;
Sahin et al., 2019; Stojanovic et al., 2014) and photoprotective
capacity (Ristic et al., 2016; Varol, Tay, Candan, Turk, &
Koparal, 2015). An interesting aspect is ATR is a proven non-
mutagenic molecule. Also, reports suggest that ATR cream
which is patented was able to heal the wound in the male
Wistar rats (Barreto et al., 2011; Barreto et al., 2013). More
interestingly, the ATR has also reported a non-clastogenic
effect on human lymphocytes, which suggests that it is a non-
mutagenic compound (Stojanovic et al., 2014). Cytotoxicity of
atranorin was reported in various normal and cancer cells of
human and animal studies (D�oria et al., 2016; Studzinska-
Sroka, Galanty, & Bylka, 2017). As per the literature survey,
ATR is well-known to exhibit major medicinal benefits.
However, the molecular insight of the mode of action is not
understood clearly. Our major objective was to identify the
target protein against the anti-breast cancer properties of the
ATR using the in silico and in vitro approaches.

2. Materials and methods

2.1. In silico studies

2.1.1. Protein identification
Preparation of protein and ligand structures for molecular inter-
action is being studied. In order to predict the interactions of
the atranorin, the target proteins which are highly expressed in
the breast cancer cells were used. The sequences of target pro-
teins such as AKT (P31749), BCL-2 (P10415), BAX (Q07812), BCL-W
(Q92843) and BCL-XL (CAA80661.1) were retrieved from UniProt
Knowledge database. The retrieved sequences were used to pre-
dict the template sequences using PSI-BLAST based on the func-
tional domain region of the whole protein available in the protein
data bank for the best target selection based on the optimal
alignment. The best template sequences after the blast were
sorted based on an e-value with >80% of structural similarity.
Sequence alignment sheets have been given in the supple docu-
ment. The resultant template sequences were used to predict the
three-dimensional structure using Modeller v.9.12.

2.1.2. Protein preparation
The homology modeling of protein structure is validated
using structural analysis and verification server (SAVES v5.0).

The SAVES tools describe the protein structure with the
stereochemical geometry of atoms arranged in 3D protein
structure (França TCC 2015; Bhargavi et al., 2010) (Table 1).
The Ramachandran plot is predicted to understand the
complexity of protein structure with the residue-by-residue
geometry optimization and distribution with the 3D struc-
ture. Further, to predict the active site amino acids distrib-
uted in the modeled protein structure using the CastP
calculation server. The CastP calculation helps to predict the
active sites based on the calculation of surface area and sur-
face volume within the region of electrostatic, Van der
Waals, hydrophobic and hydrophilic interactions of amino
acids within the pocket region (Srivastava, Mehta, Sharma,
Sharma, & Malik, 2019) (Refer Supplementary file).

2.1.3. Ligand preparation
The structure of ligand, atranorin was retrieved from the
PubChem compound database (CID-68066) as described (Jana
& Singh, 2019). The pharmacophore modeling and drug-like
screening were performed using Molinspiration. The
Molinspiration server will calculate the drug-like characters
based on Lipinski Rule of 5 such as hydrogen bond donor (<5),
hydrogen bond acceptor (<10), Octanol and water dissolution
(miLogP <5), molecular weight (<500KDa), number of rotat-
able bonds (<12) with the selected compounds.

2.1.4. Elucidating the interactions using docking studies
Based on the pharmacophore modeling of ATR were docked
with target protein structures using AutoDock4.2. The 3D
structure of BCL-2, BCL-XL, BCL-W, AKT, and BAX were used
to prepare AutoDock by adding Gasteiger charges, hydrogen
atoms were added within polar sites. The ligand structure
also prepared with the internal degrees of freedom. The pro-
tein torsions were determined to prepare flexible and rigid
molecules and to prepare grid maps of different grid points
that keep ligands covering binding pockets fully based on
active site amino acids within the selected proteins. The grid
is prepared within active site amino acid site by adding the
grid box by adjusting the x, y and z-axis of 45x45x45 further
require to calculate grid parameters using Autogrid.
Molecular simulation parameters further to calculate docking
properties to understand protein-ligand interaction by add-
ing the Lamarckian Genetic Algorithm was selected with
standard docking protocols. Throughout the docking study,
the ligand molecules were flexible and macromolecule was
kept as rigid. Docking was performed to obtain a population
of possible orientations and conformations for the ligand at
the binding site (Sanabria-Chanaga, Betancourt-Conde,
Hern�andezCampos, T�ellez-Valencia, & Castillo, 2019).

Table 1. Protein selection and preparation for docking studies.

Protein Template E-value RMSD Z-Score Q-Mean R Plot Quality

BCL2 6GL8 0.0 0.10 0.2 0.69 96.1% 85.42%
BAX 4EJN 0.0 0.23 1.2 0.78 98.1% 89.32%
BCL-W 4CIM 0.0 0.12 2.3 0.56 95.0% 100.0%
AKT 4EJN 0.0 0.18 1.1 0.52 96.5% 98.20%
BCL-XL 4QNQ 0.0 0.15 1.36 0.25 96.2% 92.50%
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2.2. Biological validation studies

2.2.1. Extraction, purification and structural elucidation
of ATR

Parmotrema rampoddense (Nyl.) Hale was collected from
Kodaikanal hills, Tamil Nadu, India at an altitude of 1000-1500m.
It was botanically identified by Dr. K.P. Singh, Botanical survey of
India, Central circle Allahabad, India. The lichen Parmotrema
rampoddense material was completely air-dried in the shed and
dried lichen (40g) was crushed grounded to coarse powder
form and it was extracted with methanol exhaustively at room
temperature. The extracts were filtered and then concentrated
under reduced pressure in a rotary evaporator at a temperature
of 36 �C. The dried extract (2.5) was fractioned by silica gel (60-
120 mesh) column chromatography (60 cm long glass column
having a diameter of 6. The adsorbed compound was eluted
with benzene followed with benzene-ethyl acetate mixtures, in
crescent polarity under a flow rate of 3ml/min and 39 fractions
were collected. The antimicrobial fractions (15-22 tubes) were
active against Bacillus subtilis and Staphylococcus aureus. The
active was showing the same Rf values of 0.92 in TLC was per-
formed using system toluene and acetic acid (10: 1.2 v/v) and
these were pooled together. The purification of the compound
was done by the recrystallization technique using dichlorome-
thane as a solvent for recrystallization. Atranorin was obtained
as colorless prismatic rods which weighed around 32mg and
exhibited a sharp melting point of 188-190 �C.

Chemical characterization of the isolated and purified metab-
olites was performed using UV-Vis, RAMAN spectra, FT-IR and
NMR spectroscopic studies. The degree of purity of the lichen
compound was > 95% as determined by thin-layer chromatog-
raphy (TLC), melting point and NMR spectral analyses. UV-Visible
spectroscopic results were done using Cary 5E UV-VIS-NIR spec-
trometer and Methanol was used as the solvent. FT-IR
Spectrometer was the model used to record the IR spectrum
with a scan range of MIR 450-4000 cm�1 and a resolution of
1.0 cm�1. RAMAN spectral analyses were recorded in BRUKER
RFS 27 FT-Raman Spectrometer was the model used to record
the Raman spectrum with a scan range of 50-4000 cm�1 and
resolution of 2 cm�1. 1H-NMR analyses were recorded in
500MHz FT NMR Spectrometer was used to record the 1H NMR
spectrum. Deuterated chloroform (CDCl3) was used as a solvent.
The 13C-NMR an analysis was recorded using 500MHz FT NMR
Spectrometer was used to record the 13C NMR spectrum. 13C
spectrum of atranorin shows peaks for all the 19 carbon atoms.
The chemical shift values for each carbon atom are assigned tak-
ing cognizance of the chemical environment of each carbon
moiety and the shielding and deshielding effect exhibited by
each of the substituents on the respective carbon atom.

2.2.2. In vitro anti-breast cancer studies
Cell lines and maintenance-cancer cell lines (MDA MB-231
and MCF-7) and human embryonic kidney (HEK-293) non-
cancer cell lines were obtained from National Centre for Cell
Science (NCCS) Pune, India. The cell lines were maintained in
DMEM medium supplemented with 10% FBS, 10U/ml of
penicillin, 10mg/ml of streptomycin, and 0.25mg/ml of
amphotericin-B at 37 �C and 5% CO2 incubator.

Inhibitory activity of ATR was measured using 3-(4,5 dime-
thylthiazol-2-yl)�2,5-diphenyl tetrazolium bromide reduction
(MTT) assay, as described (Veena, Kennedy, Lakshmi, Krishna,
& Sakthivel, 2016). Briefly, cancer cells were seeded at a
density of 1� 105 cells ml-1 in 96 well plates for 24 h in
DMEM (200 ll) supplemented with fetal bovine serum (10%).
Similarly, non-cancer HEK-293 cells at the same density were
used for testing. Different concentrations of ATR (1-50mM)
were treated in octapets and incubated for 48 h at 37 �C in a
5% CO2 incubator. After treatment, cells were incubated with
MTT (10ml; 5mg/ml) at 37 �C for 3 h and formazan crystal
formed was dissolved in DMSO (100 ll). The plates were read
at 590 nm on a scanning multiwell spectrophotometer. The
IC50 (concentration of the compound to inhibit 50% on
the cells) was obtained by a dose-response curve using the
Graph pad prism software of six independent experiments.

2.2.3. Event-based anticancer studies
2.2.3.1. Live dead cell imaging. Cells were cultured in 12-
well plates and treated with respective IC50 concentration of
atranorin and incubated for 48 h. After incubation, breast
cancer cells were stained with AO-EtBr observed under a
fluorescent invert microscope for morphological changes.

2.2.3.2 Quantification of cell dead. Cells were cultured in
12-well plates and treated with IC50 concentration of atra-
norin and incubated for 48 h. After incubation, cells were
trypsinized and washed once with PBS. Then, the cells were
stained with 200 ml of a mixture (1:1) of acridine orange-eth-
idium bromide (1 mg/ml) solutions and the cells were
counted using the flow cytometer.

2.2.3.3. Generation of ROS. The production of ROS was meas-
ured by fluorimetric quantification of fluorescent 2,7-dichloro-
fluorescein (DCF) formed in the presence of ROS by using cell-
permeable non-fluorescent, 2,7-dichlorofluorescein diacetate
(DCF-DA). After incubation, the cells were trypsinized, pelleted,
washed twice with PBS and exposed to DCF-DA (10lM) in
DMEM medium for 45min at 37 �C. After incubation, the cells
were analyzed using 96-well multimode reader excited at
480nm and emission was recorded at 540nm.

2.2.4. Gene expression studies
Total protein from control and treated cells were extracted
in the cell lysis buffer at 4 �C. The proteins were stored in
�80 �C until the estimation. Caspases-3 activation was meas-
ured using caspase-3 (CASP-3F, Sigma) while Akt, Bcl-2 was
Bax was measured by ELISA (Cayman Chemicals, USA) as per
manufacturer instructions.

2.2.5. Statistical studies. The statistical significance of the
data was analyzed by the Mann-Whitney U tests with
the level of significance, p< 0.05 and 95% confidence with
the data in octapet of six independent experiments.
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3. Results and discussion

3.1. Elucidating the interactions using docking studies

Akt is the key protein in the PI3 kinase pathway involved in
cellular metabolism, growth, proliferation, differentiation, and
survival of cells. Akt is over expressed constitutively due to
its own mutation of upstream proteins in the cancers espe-
cially in breast cancer (Trejo-Soto, Hern�andez-Campos, Romo-
Mancillas, Medina-Franco, & Castillo, 2018; Fratev et al., 2020;
Sahin et al., 2019). Akt is well reported to reverse the cancer
cells to normal cells or to undergo cell death. Moreover, in
breast cancer cells the Akt hyperactivation is reported for the
resistance in the cancer therapies (Paul et al., 2019; Mayan,
Samarakoon, Tennekoon, Siriwardana, & Valverde, 2016;
Sanabria-Chanaga et al., 2019). Hence, inhibiting the Akt has
been reported to adjuvant for cancer therapy to increase
patient survival. Structurally, Akt protein consists of an
amino-terminal PH domain, 42 length linkers, a catalytic
domain and a carboxy-terminal hydrophobic motif. There are
several inhibitors is reported for this domain. One such a
molecule is MK-2206 which binds 10 variable loops (VL3)
that interact with the Glu267, Lys268 and Asn269 amino
acids through the Vander Waal forces. Its ring is known to
interact with Trp80 and Ser205 through the hydrogen bonds
(Lakshmi, Kumar, Veena, Sakthivel, & Krishna, 2017; Trejo-
Soto et al., 2018). Several molecules inhibit the Akt at the
allosteric sites is known to show that Akt cannot bind to
PIP2 and PIP3 making the inactivation of Akt. In our study,
ATR is able to bind to the Ser 205 and Leu78 of the allosteric
sites of Akt with the inhibitory concentration of 2.61lM and
binding energy was found to be �7.92 Kcal/mol (Figure 1;
Table 2). The Atranorin with AKT shows better interaction

energy but less interacting residues which are favourable for
the interactions to inhibit the over-expression.

The Bcl-2 family protein plays a very important role in can-
cer and its over expression is responsible for the resistance to
cancer treatment. These proteins are evolutionary conserved
and there are two types of Bcl-2 family proteins. They are
antiapoptotic (Bcl-2, Bcl-xL and Bcl-W) and proapoptotic (Bax,
Bad) which regulates cell death (Bhargavi et al., 2010; Fratev
et al., 2020; Zhang et al., 2007). The Bcl-2 proteins have two
central predominant hydrophobic 7-a-helices amphipathic in
nature. The BH3 domain is responsible for mediating the
interactions with antiapoptotic proteins and the ability of the
proteins to promote programmed cell death (Kizhakkayil
et al., 2010, Shafee et al., 2009, Yang & Wang, 2011). Bcl-2
family proteins have 7 alpha-helices but the interaction is at
the BH3 domain with different amino acids. The signature
sequence of NWGR of Bcl-2 protein is highly conserved
among Bcl-2 family members directly precedes a5 helices.
Upon docking the ATR with antiapoptotic protein Bcl-2 pro-
tein showed that ATR could bind to the a helices with Try108
and Gln118 with a binding energy of �5.58 kcal/ml and the
inhibitory concentration of 97.8lM (Figure 2; Table 3).

In case of Bax, the ATR binds with the 5 hydrogen bonds
with Asn73, Thr174, Glu75 and Thr182 with the binding
energy of �5.41 kcal/ml and inhibitory constant of 105.6 lM
(Figure 3).

However, the weak interaction was an observation in the
case of docking ATR with Bcl-W (Figure 4) and Bcl-xL
(Figure 5).

The Bcl-W ATR interaction showed that five hydrogen
bonds with Leu68, His 69, Val70, Thr71, and Glu109 in the
peripheral a-helical of Bcl-W with the binding energy of

Figure 1. Interaction of the ATR with Akt protein.

Table 2. Phamacophore modelling of selected chemical structure.

Lipinski Rule of 5 Bioavailability QSAR Properties ADMET

MiLogP 3.55 GPCR ligand �0.23 Surface Area 653.2 LogS �3.725
TPSA 130.37 Ion channel modulator �0.29 Surface Area (Grid) 580.1 CYP2D6 0.8693
nAtoms 27 Kinase inhibitor �0.17 Hydration Energy �3.23 Carcinogenicity Non carcinogenic
MW 374.35 Nuclear receptor ligand 0.15 Log P 2.16 HIA 0.9940
nON 8 Protease inhibitor �0.38 Refractivity 86.11 AMES Non mutation
nOHNH 3 Enzyme inhibitor �0.10 Polarizability 42.53 PPB 0.944
nrotb 6 Mass 374.3 BBB 0.7775
Volume 320.67 Hepatotoxicity 0.9500
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�4.28 kcal/mol and inhibitory constant was found to be
726.9lM. Further, the Bcl-xL – ATR interaction studies
showed three hydrogen bonds with the Thr118, Ser122 and
His113 with the binding energy of �3.18 kcal/mol and inhibi-
tory constant were found to be 159.20lM. According to the
in silico studies, the ATR target shows maximum interactions
with Akt followed by Bax and Bcl-2. ATR had the least inter-
actions with the Bcl-w and Bcl-xL.

3.2. Extraction, purification and structural identification
of ATR

Around 6 g air-dried powder of Parmotrema rampoddense
(Nyl.) Hale was used for the extraction. The ether extract
showed the high inhibitory zone (18 to 22mm diameter)

against Bacillus subtilis and Staphylococcus aureus at 1mg/ml
concentration (Mallavadhani et al., 2018; Nasser, Yaacob, Din,
Yamin, & Latip, 2009). Further, 2.5 g of the ether extract was
used to purify the active metabolites using the column chro-
matography which yielded 0.065 g of the purified active
metabolite identified using the antimicrobial activity assay
using a test organism. In the UV-Visible spectrum, the
absorption region the aromatic benzene ring normally
showed absorption peaks ranging between 230–270nm. The
effect of substituents, like the methyl group on the benzene
ring, produces a bathochromic shift. The substitution of aux-
ochromic groups like -OH produces a shift to longer wave-
lengths. The 251.2 nm and 212.6 nm peaks must be due to
Ar – CHO and Ar – OH groups respectively.

The FT-IR spectroscopic analyses showed the most import-
ant peaks at 2932.6 cm�1 denoting chelated –OH group and

Figure 2. Interaction of ATR with Bcl-2 protein.

Table 3. In silico protein interaction with breast cancer target protein and their interaction

Protein H-Bonds Binding Energy Inhibitory constant Amino acids

BCL-2 2 �5.58 97.10 Tyr108, Gln118,
BAX 5 �5.42 105.63 Asn73, Glu75, Thr174, Thr182
AKT 4 �7.92 2.61 Leu78, Ser205
BCL-W 5 �4.28 726.97 Leu68, His69, Val70, Thr71, Glu109
BCL-XL 3 �3.18 159.20 Thr118, Ser122, His113

Figure 3. Interaction of ATR with Bax protein.
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1655.2 cm�1 denoting chelated –C-O- group in the phenolic
hydroxyl group in atranorin. The non-chelated peaks were
detected by the presence of a sharp band near 3400 cm�1,
but a peak at 2932 cm�1stands as a shred of evidence for
the existence of chelated hydroxyls present ortho to the

carbonyl groups. The carbonyl group of the depside atra-
norin also appears to be chelated with the ortho hydroxyl
group, its stretching frequency appears near 1655 cm�1. A
weak absorption band around 3000 cm�1 is ascribed to the
C-H stretching of the aldehyde group. The infrared, Raman

Figure 4. Interaction of ATR with Bcl-w protein.

Figure 5. Interaction of ATR with Bcl-xL protein.

Figure 6. In vitro anti-breast cancer studies by MTT assay for 48 h in breast cancer (MDA MB-231 & MCF-7) cells and normal human embryonic kidney (HEK-
293) cells.
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spectrum and NMR spectroscopic method confirmed the
identification of the depside atranorin.

3.3. In vitro anti-breast cancer potential of ATR

The cytotoxicity studies showed ATR selectively inhibited
breast cancer cells (MDA MB-231 & MCF-7) than the non-
cancer cell line (HEK-293) in a differential and dose-
dependent manner at 48 h (Figure 6).

The IC50 concentration in MDA MB-231 and MCF-7 cancer
cells was found to be 5.36 ± 0.85lM and 7.55 ± 1.2lM

respectively. This result showed the ATR could inhibit both
triple-positive breast cancer (MCF-7) and triple-negative
breast cancer (MDA MB-231) cells where the common path-
way for these cancers was the over expression of Akt and
antiapoptotic Bcl-2 family proteins. These results confirmed
the interaction and inhibition of Akt and antiapoptotic Bcl-2
proteins may be the possible inhibitory effect of ATR on
breast cancers. Further, normal HEK-293 cells that were not
expressing these proteins were not affected. However, the
biological outcome of the inhibition may lead to the induc-
tion of apoptosis. In order to verify the effect, we performed

Figure 7. Live dead cell imaging of the breast cancer cells treated with IC50 concentration of ATR at 48 h of exposure.

Figure 8. Quantification of cell death by annexin-V FITC and PI staining of the breast cancer cells at 48 h of exposure.
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Figure 9. Determination of mitopotential on MCF-7 and MDA MB-231 cells treated with ATR for 48 h of exposure.

Figure 10. Production of ROS.

Figure 11. Gene expression studies of ATR (IC50) and ipatasertib (5lM) on MDA MB-231 cells.
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the event-based studies and gene expression studies with
the respective IC50 concentrations in breast cancer cells only.

3.4. Event-based validation of the anti-breast potential
of ATR

In order to determine whether ATR induced cell death, we
performed AO-EB staining after treatment. The results
showed that upon treatment the cell numbers were lee,
dead cells stained with EB and EB-AO were significantly high
when compared to the viable only AO stained cells in control
cells (Figure 7).

Further, to quantify the cell death we performed flow
cytometric analysis of cell death. The results showed that the
presence of early apoptotic cells with 19.3 ± 1.3% and late
apoptotic cell population of 49.9 ± 0.5% in the MDA MB-231
cells when compared to the control cells that had viable cells
of 93.8 ± 1.3%. Similarly, in ATR treated MCF-7 cells the
results showed early apoptotic cells were 15.3 ± 1.3% and

late apoptotic cells were 31.2 ± 1.5% when compared to con-
trol cells with 91.4 ± 1.7% (Figure 8). These two experimental
results confirmed the induction of cell death y ATR in breast
cancer cells.

In order to determine the ROS generation and mitopoten-
tial, we performed CFDA staining and Rhodamine 123 stain-
ing respectively. The ROS generation results showed that
upon treatment with ATR the mean fluorescent intensity
(MFI) was significantly dropped from 3987± 76 (0lM) to
2897 ± 98 (50lM) in MCF-7 cells (Figure 9).

Similarly, in ATR treated MDA MB-231 cells MFI was
dropped from 3198± 78 (0lM) to 1956 ± 56 (50 lM). These
results suggested a reduction in the red-ox potential of the
cancer cells. By lowering the red-ox state of breast cancer
cells, ATR might induce cell death. This also correlates to the
antioxidant potential of the molecule which popular reported
in the literature.

The mitopotential studies through an accumulation of
Rh123 dye by the cancer cells showed that 92 ± 0.7% (0lM)
population was reduced to the 23.7 ± 0.2% (10lM) in MCF-7
cells and 93.4 ± 1.2% (0 lM) population was reduced to the
16.8 ± 0.7% (10lM) in MDA MB-231 cells (Figure 10).

These results suggested that a sharp drop in the mitopo-
tential upon ATR treatment might be due to the interaction
with the antiapoptotic Bcl-2 family member that resists the
cell death via mitochondrial-mediated pathway.

3.5. Gene modulation of the ATR with suspected
target proteins

In order to determine the gene expression, we performed
ELISA for the oncoproteins such as phosphorylated Akt (p-
Akt), Bax, Bcl-2, Bcl-xL, and Bcl-W from the protein extracted
after treatment with the respective IC50 concentrations of
ATR (Figures 11 and 12).

The results showed the maximum significant downregula-
tion of p-Akt followed Bcl-2 than Bax and no signs were
observed in the Bcl-W and Bcl-xL in both cell lines.
Ipatasertib, a standard control for Akt was used as a positive

Figure 12. Gene expression studies of ATR (IC50) and ipatasertib (5lM) on MCF-7 cells.

Figure 13. Schematic representation of ATR induced anti-breast cancer activity
through induction of mitochondrial mediated pathway through interaction with
Akt activity.
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control (Srivastava et al., 2019). These in vitro results corre-
lated with the in silico studies. Hence, we report that ATR
induced anti-breast cancer activity through inhibition of the
Akt via induction of mitochondrial mediated apoptotic path-
way (Figure 13)

4. Conclusion

The combined in silico and in vitro approaches reveal that
ATR to be potential natural ligand with the multi targets for
several biological outcomes. From our present investigations,
we conclude that ATR which was purified from Parmotrema
rampoddense exhibited anti-breast cancer potential may be a
potent inhibitor for Akt and antiapoptotic Bcl-2 family pro-
teins. Among the proteins, ATR had a high affinity to Akt but
could have only four hydrogen bonds with two important
amino acids at the allosteric of the Akt protein only that reg-
ulates the functionality of the protein. The next protein was
Bax, where ATR can occupy the BH3 domain with five hydro-
gen bonds of four amino acids where the anti apoptotic Bcl-
2 proteins bind and inhibit apoptosis. While ATR had weak
inhibition of interactions with Bcl-2, Bcl-xL and Bcl-W pro-
teins. However, the detailed in vitro analyses showed the
process of downregulation of oncoproteins specific to breast
cancer to inhibit the proliferation and progression of breast
cancer cells. The in silico studies correlates with the in vitro
gene expression studies of breast cancer model leading to
the induction of apoptosis in the breast cancer cells is the
major outcome of the ATR-Akt interactions. These onco pro-
teins of breast cancer are the major targets in the inflamma-
tion, cancer and cancer-related inflammations. These
interactions and interacting groups of ATR to targets of can-
cer-related inflammations makes the molecule that could be
further used to develop the NSAIDs for breast cancer. This
study also provides the future pharmacological natural back-
bone for targeted therapy in cancer treatment. Hence, fur-
ther investigation and in vivo studies could be efficient as
anticancer molecules based on the pharmacophore moiety
of ATR as nature-inspired anticancer molecules.
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